
`●

W胴R眼

er Rec丑a昭e

W王唖l

alifb rni a

細事」omes Croo埴kロshi Asono,柚gore† Nellor

n Califomia言ncrcaslng de-

mands for watcr have glVCn rise

to surface watcr devdopment

and large-SCalc projCCtS for wa-

ter importadon. Economic and

CnVironmental c6ncems associ-

atcd wi心血cse prQjeCtS have cxpanded

intcrest in redaiming municipal wastc-

W靴Cr tO SuPPIcmcnt cxisting water

SuPPhcs. Groundwatcr rccharge rcprc-

SentS a largc potcntial use ofrcdaimcd

WatCr in血c state. For cxampIc’SeVCral

Prq】eCtS ha¥′e been idcndfied in thc Los

Angelcs arca血atcould usc up to 150 x

106 m3/a (120,000 ac重/yr) of rc-

daimcd water for groundwatcr re-

Chargc. Rccharglng grOundwater with

rcdaimcd wastcwa〔Cr has scvcral pur-

PO§CS: tO PrCVent §altwater intrusion

into freshwatcr aquifers, tO StOrC the

rcclaimcd wa〔cr for futurc usc, tO COn-

troI or prevcnt ground subsidence’and

to augment nonpotable or potablc

groundwatcr aqui蝕s.1 Rechargc can

bc accomplishcd by surfacc spreading

Or direct injecdon.

WT血furface∴SPreading, rCdaimcd

Water PCrCOlates from sprcading basins

血rough an unsaturatcd zonc to thc

groundwater. Dircct mJCCtion cntails
●　　　　●

PumPlng rCdaimcd water dirccdy into
thc groundwatcr) uSually.into a con-

fincd aquifer. In coastal arcas, dircct

叩ectlOn C節ecdvely crcatcs bar重iers血at

PreVCnt Saltwatcr intrusion. In o血cr

arcasl dircct lnJeCdon may bc prcferrcd

Whcrc groundwatcr is dccp or “′here

血c 〔opography or custmg land usc

makcs surface spreading lmPraCtical or

too cxpcnsive. Whi]c only two largc-
SCalc, Plamcd opcratiol-S for ground-

Water rCChargc arc uslng rCdaimed 、l′atCr

in Caifernia, incidcnta] or unplanncd

red-argC is widesprcad.
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Thc constraints of groul-dwatcr rc-

Charge with reclaimed water indude

Water quality, thc potendal for health

hazards? CCOnOmic feasib亜y, Pl-ySical

lim上tadons, legal rcstricdons, and血e

availab諏y ofrcdaimed water. Ofthcse

COnStraints)血c heal血concem§ arC by

far血c mos〔 important} aS血ey pcrvadc

all potendal rcchargc projeCtS. Hea皿

authorities emphasizc that indirect po-

table reuse of rcclaimed wastcwater

through groundwatcr rccharge cn-

COmPaSSCS a muCh broader range of

POtCntial risks to the pしIblic’s hca皿

thal置重IOllPOtablc uscs of rcdaimCd

WatCr. Bccausc the rcdaimed water

CVCntually bccomcs drinking watcr and

is consumcd, hcalth c耽c〔S aSSOCiatcd

With proIonged exposure to Iow levels

Of contaminants and acutc hea]th cf

fdets from pa血ogc重一S Or tOXic substanccs

must be considercd. Particular atten-

don must bc glVCn tO Organic and in-

Organic substanccs that may clicit

advcrse health responses in human§

after many ycars ofexposurc.

HISTO剛CAL DEV札OP鵬NT

In血e carly 1970s se¥′Cral watcr-

quality con〔roI plans (Basin Plans) WCre

developed under thc direcdon of血c

Sta〔e Water Resourccs ControI Board

(SWRCB). Thc Basin Plans idcntified
as many as 36 potcndal prQjeCtS for

groundwater recharge in the∴State.

Rcgulatory agcncics invoIvcd in
WaStCWatCr rCdamadon and rcuse play

a kcy roIc in thc managcmcnt of

Califomia’s watcr rcsources and any

PrOjCCtS il-VO晶一g tl-C rCChargc of

groulldwatcr v′血rcdai一一ICd wa亡Cr (sce

Box). In 1973, thc Department of

Hca冊Scrviccs (DOHS) prcp諒cd a

pos諏)-- §亡轟亡emC霊証章- 「eSいOミIS‥() p「O-

観te

POSals in thc Basin Plans for augmenta-
tion of domcs〔ic watcr §OurCeS Wi血

redaimed water. Thrcc uses ofrcd壷mcd

WatCr WCrC COnSidcrcd in the statc-

ment: grOundwater rccharge by surface

SPrCading’dircct lnJCCdon into an aqu-

fer §uitable for usc as a domesdc water

SOurCC )狐d direct discharge ofrcdalmcd

WatCr into a dome§dc watcr supply.

Posidon statement. Thc DOHS

POSition statcment rccommended
agalnSt dircct discharge mto a domesdc

WatCr-SuPPly systcm and direct lnJeC-

tion into aqui蹄§ u§Cd a§ a SOurCe Ofa

domcsdc watcr supply §tadng血at somc

Organic consdtucnts of wastcwatcr are

not wcll cnough undcrstood to pcmit

SCtting limits and creating trcatmcnt-

COntrOI systems. In pard餌lar,血e in-

gestion of water.rcciaimcd from
WaStCWater may PrOducc Iong-tCrm

health e餓鷺tS aSSOCia〔ed wi血the §tablc

Organic matcrials that rcmain afier

treatment. It also stated血at車yecdon

to prevcnt saline Water intru§ion could

be considered in血e f潰urc. W血rc_

gard to §urfacc sprcading,血e position

§tatCmCnt COntained thc follow重ng:

Surfacc sprcading appears to have great

POtentia串nformation reladvc to health

C銃cts is unccrtain; ifnew infbrma亡ion

indica〔eS advcrsc c縮tts arc creatcd with

rcchargc) dosure ofbasins may be ncc-

CSSary; SPCCification of anowablc pcr-

CCntagCS Of reclaimcd watcr in

groundwatcr is inappropnatc at血is

dmc bccau§C Of a lack of informadon

On hcal血effects; PrOPOSals for血c rc-

Charge ofsmall basins wi虹arge quan-

titics of rcdaimcd water will not be

e富oひれd肌書er 「さく轟叩さタ的刷れ9面面罵io曲do
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鵬°血皿ended; 1 P峨P謎本

ゐ櫨℃Ch坤gC o鋤地謡b謡i購

W克h 5mal重a調e櫨虹技of

rc⊂捉mcd wa章cr鵬ay bc

POSSiblc dcpcnding on
COmmun克y we肌ocadons

狐d o血cr con出轟o膿s;袖d

Su脆cc sprca壷皿g謡a血一

turc option may bc∴a

・POSSi b地中∴

Cons血正調g p狐Cl・工n

1975, a Co耶出血g P狐el

On血c Hc記吐血pe臓Or

Wま§亡eWa亡Cr鼠露C患m急五〇n

for Groundwatcr Rc事

charge wa§ eStab櫨shed by

thrcc∴§tatC agCnCics-

DOHS, SW取CB, and血e

Dcpartment of Watcr
Resources (DWR). Its

PurPOSC Wa§　章O臓CO放置

調end a pro繍亀鵬Of耽-

§CarCh that would providc

information to as.§ist

DOHS in e§tabli§hing

reclamation criteda for

groundwatcr rccharge
and to assist DWR and
SWRCB血pla蘭皿g孤d

impIcmcnting program§

頂〕 C瓜CO耽agC uS隼Of重e農

c塩mcd wa亡er co肱遥亡軸亡

Wi血血ose critcria. A statc_

○鼻血e一社repo虹On血e he記血鵡P鎌章S

Ofwastcwater redama。on for ground-

Water recharge was prcparcd as a back-

ground docu∫nCnt,

Thc Consulting PancI con餌cd its

discus§iol-S tO grOundwatcr rcchargc

by §urfacc sprcading and rcachcd sev-

Cral condusions. Thc p餌c] concur鳩d

With DOHS that血crc wcrc unccrtaln.

tics rcgarding potcndal heal血c鉦cts

associated with groundwater reehargc

usll-g rCChimcd wastcwatcr・ Thc pand

Suggestcd血at comprehcnsivc s調dics

directed at血e hca皿aspect§ as§OCiatcd

with groundwatcr reehangc bc initiated

at existing prpJCCtS, and血at ncw dem-

On§tradon prq]CctS WO山d be ncedcd to

gain fidd informadon undcr scIcctcd
and contro蛇d condi。ons. The pan。

StatCd that to providc a databa§C for

CStimating hcal血risk’COntaminant

Charactcriza。on’tOXicoIogy! and cp十

dc血010g也s亡u揖§ ofcxpo総d popu・

ladons wcrc nccded.　　.

He心血E鮮紅鴎S調dy・血血e a鉦r-

math of thc 1976一ア7 California

drought’therc was considcrable prcs-

SurC tO uSe §uPP櫨es ofrcc塩med watcr

in southcm Califorma) Par龍ularly for

groundwatcr rechargc. Howevcr, an
unof託ial moratorium suspcnded new

PrPJCCtS and血e cxpans王on of exisdng

OPCradons undl somc hea皿-relatcd

issucs associatcd w軸ground棚〔Cr rC-

Charge wcrc answcrcd and血e Consult-

訓
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lng Pancl?s recommendations wcrc

impIcmcnted. In 1978) the Sanitation

Districts of Los Ångelcs County

(LACSD) initiated a 5-yCar, $l.4 m虹

hon study of the Montcbdlo Forcbay
Groundwatcr Rcchargc PrQject血at had

bccn repIcnishing groundwatcr wi血

rcdaimcd watcr sincc 1962. By 1978,

血e amount of reclalmcd watcr §Pread

averaged 33 k 106 m3/a (26,500 ac-ft/

yr) or 16% of血e total inflow to血c

groundwatcr basin with no morc than
40 x 106 m3 (32,700 acr食) ofrcdaimed

water spread in any ycar. Thc pcrccnt-

age ofrcdaimed water contalncd in the

potable watcr supply rangcd from O to
23% on an annual basis, and O to 11%

on a long-tCrm (1962-1977) basis.

Historical impacts on groundwatcr

quality and human hea皿and血e rcla-

dvc impact§ Of血c di飾ercnt rcplenish-

mcnt　§OurCC§-rCdaimcd water,

§tOrmWatCr runOfL and importcd sur・

face watcr-n grOundwatcr quaHty
werc as§CSSCd aftcr conducdng a widc

range ofrcscarch ta§ks (sce Box)・

Thc §tudy,s rcsults indicatcd that血e

risks associated wi心血e血rce“ §OurCeS

of rechargcd water wcrc not signifi-

cantly d腫rent and that thc historical

proportion ofrcclaimed watcr used for
rcplenishmcnt had no mcasurablc im-

pact on ci血cr groundwatcr quality or

huinan hcalth.2 Thc Hcalth Effects

Study did not demonstrate any mcasur-

ablc advcrsc e舘二CtS On thc arca,s

groundwater or血c health ofthc popu-

lation lngCSting the watcr. The canccr-

related cpidcmioIogical §tudy findings

wcre weakcncd by血c minimal ob-

§erVed latcncy pcriod (about 15 ycars)

between first cxposurc and discasc for

human cancers. Bccausc of thc rcla-

tively short timc that groundwatcr con-

taining reclaimed watcr had been

consumed, it is unlikely血at cxamina-

tion of canccr incidence and mortality

rate§ WOuld havc detcctcd an c鉦二Ct Of

cxposurc to rcclaimed watcr resuldng

from this groundwater rechargc opcra-

心on.

Groundwater rccharge regula-

tions. In 1976, DOHS dcvelopcd draft
rcgulations for groundwatcr rccharge

of rcclaimcd water by surfacc sprcad-

lng. Thc proposcd critcria werc pnncl-

pally dircctcd at血e controI of stablc

organics. Thc Icvel oftreatment speci-

ficd in thc dr諦rcgし血ions was con-

vcndonal sccondary treatmcnt fo皿owed

by carbon adsorption and pcrcolation

血rough at lcast 3 m (10 ft) ofunsatur-

atcd soil. Rcdaimcd watcr-quality rc-

qulrCmCntS Were SPCCificd for inorganic
●

chcmicals, PCSticidcs, radioactlVlty,

Chemical o?ygen dcmand (COD), and

total organlC Carbon (TOC)・ Rcquirc-

mcnts for groundwatcr qualfty wcrc

spccificd for inorganic∴Chemicals and

pcsticides. An cffluent monitonng pro-

gram was proposcd for 20 spccific or-

ganic compounds. The draft rcgulations

盤盤羅隷書盤器-
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restrictcd the maximum application of

rcdaimCd w耽cr [O 11O口調OrC th踊50%

Of血c total watcr sprcad during a 12-

mon血pcriod. A minimum rcsidcnce

dmc of l- yCar in thc underground

bcfore groundwatcr withdrawal was

SPCCificd. O血cr proposcd rcq田remcnts

included dctailed rcports on

hydrogeoIogy and spreading opcra-

tions’estabhshmcnt of a program to

COntrOl industrial sources ) development

Ofcondngency plans, and implemcnta-

don ofa prograrn to monitor血c hcal血

Of血やPOPuladon reccIVlng rCClaimcd

WatCr. Bccause血e proposcd rcgula-

dons werc bascd on血c worst-CaSC

Situadon and it would havc bccn vir〔u-

袖y inpossiblc for any individual proJCCt

to comply w鳳a11 of血c.rcqurrements,

the proposcd rcgulations wcrc not

adopted as statcwidc critcria but werc

uscd a§ guidc血cs for new proJeC魅On

groundwater rcchargc.

Thc DOHS revised thc Wastcwatcr
Rcdamation Critcria in 1978 to re-

qulre血at rcchimcd water uscd for

groundwater rcchargc of aquifers car-

rylng domcsdc watcr supplies by sur-
facc sprcading be ofa quality血at餌Iy

PrOtCCtS Pub庇hca皿and血at iechargc

rccommendations bc bascd on all rcト

CVant aSPCCtS Ofcach proJCCt. Factors to

4`　W幽師o附e航丁e〔刷oW

bc co11Sidcrcd i重ldudcd trcatmcnt pro-

Vidc正調u踊qua航y alld ql酬庇y,

SPl.C記il-g-ar鋤OPCratio重章S, SOi圧harac-

terisdcs, hydrogcoIogy, reSidcnce time,

and distancc to withdrawal. Thc

amcl-dmCnt§ rCquircd that the Statc

Dcpa舶ment OfHca血Scrvices (DOHS)

hold public hearlngS bcforc proJeCtS

Were aPPrOVCd.

Scientific Advisory Panel. In 1986,

Califorhia comm王ssioned a Sciendfic

Advisory Panel on Groundwater R鳥-

Chargc wi血Rcdaimed Wastewater血at

O鋲:rCd several recommendadons for

StatCWidc watcr-reuSC aCtivitics. Thc

Scicndfic Advisory PancI concurred wi血

thc Hcalth E耽ct§ Study’s findings.

Thc pallel adviscd that血c bcst ava封-

ablc water in an area should bc reservcd

for drinki書Ig WatCr, thc Whitticr Nar置

rows Groundwater RepIcnishmcnt

Pr9jcct should condnuc, reCharge via

SPrCading lS PrCferable to lnJCCdon, rC-

daimcd watcr should bc disinfectcd

bcfore lnJeCdon or §Preading, and di§-

infection should not producc harm餌

by-PrOducts・ Thc pancI statcd that

availablc trcatmcnt proccsses can ad-

equatcly rcmove orgahic constituents

Of concem, all proposcd groundwatcr

rccharge proJCCtS Should indude pro-

SPe⊂亡ive hCa軸Su「Veilミ轟置lCC 〇千P。曾山a-

dons, biochcmical tests ofcon燐ntrates

arc ncccssary to determinc whcthcr

肱輪1y h祉皿餌sub§t繍nCC§亀でe重職おら雌貌

low Icvels, §章a章C-o鼻血e-a簾的癌0事0執

Studies wi血animal§ arC neCdcd for risk

CValuadon, and血crc §hould bc contin-

ucd analytical chem王stry invesdgadon

and monitoring to idcntify and quan-

dfy chemical consdtucnts.

舶棚O罵G京Ou鵬DWÅ丁撮・

離鋤鍋餅P韓O鵬寄る

Two significant projccts for ground-

Water rCCharge havc becn impIcmentcd

血C躯もr壷a: One血Mon章cbe皿0菖ore青

bay and狐O血er in Orange County.

RepIcnishing groundwater basins is ac-

COmPlishcd by ard丘cial rccharge of

aquifers in the Montcbcllo Forebay
area of §Outh-Central Los Angcles

County. Watcr§ usCd for recharge b)'

§urfatc spreading include local

StOrmWater runOff; imponed surfacc

Water from thc CoIorado River and

§tatC PrQJeCt, and rcclaimcd municipal

WaStCWater. Thc lattcr has becn used a§

a sour供ofrcple壷shm軸章§壷cc工タ62つ

When approximatcly 15 x 106 m3/a

(12,000 ac重力r) of disinfected a壷_

VatCd sludge from血e LACSD W揖龍ier

Narrows WatCr Reclamadon Plant’s

(WRP) secondary e餌uent was spread

in血c Montebe皿o Forcbay血at has餌

CStimatcd usable storage∴CaPaCity of

960x 106m3(780,000acr危). In 19ア3,

血c San Jose Crcck WRP was placcd in

SCrvicc and §uPPlicd sccondary e珊ucnt

for rcdlargC. Ill addition, C鮒ucllt fね111

血ぐPo書11011寄WふなP亡h種亡i§競o章rぐ叫的d寅)「

O血er pu呼o§CS is di§Cha唱cd into San

Josc Crcck, a tributary of血c San Gabrid

RIvcr, and ultimatcly becomcs a source

for rcchargc in血c Montcbc11o Fore-

bay. Thc use of c徽ucnt from thc

Pomona WRP is cxpcctcd to dccrcase
as thc rcclaimed watcr is used morc for

lmgadon狐d血dus扇記app盤ca心o調s i櫨

血c Pomona area.

In 1978, all血rec redamadon plant§

WCrC uPgradcd to provide tertiary

treatment wi血dual-mCdia創tration or

filtration with acdvatcd carbon and

Chlorination/dcchlorination.3 Thc

groundwatcr rcpIcnishmcnt program
is operated by thc LOS Angcles Counry
’Dcpartmcnt of Public Works (DPW),

Whilc∴OVCrall managcmcnt of thc

groundwatcr basin is administercd by
thc Ccntral and West Basin Water Re-

pIcnishmcnt Di§壷et. The DPW has

COnStruCtCd special spreading areas dc-

Slgned to incrcase thc indigcnous per-

COlation capaclty. Specifically, this

activity has consistcd of modi丘cadons

to血e San Gabrid Rivcr channel and

COnS亡皿C轟on of o組s耽am §prCa宙ng

basins a句acent to血c RIo Hondo and

San Gabricl rivcrs. ThC RIo Hondo
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availablc for sprcading and thc Sa11

GabricI RIver sprcading grounds have

91 ha(224ac).

Undcr I-Ormal opcrating conditionst

batterics ofbasins are ro〔ated.through

a 2l-day cydc. Thc cydc c611Sists of

three 7-day pcriods dし壷ng which thc

basins arc制cd亡O maintain a constant

depth, the flow to thc basins is tcrmi-

nated, and thc basins arc allowed to

d壷n and dry out thoroughly. This

WCtting and drying dperation scr‘′CS

SeVCral purposc串nduding maintenancc

Ofaさrobic conditions in thc uppcrstrata

Ofthe soil and vcctor contro=n the

basin§.

The rcclaimcd watcr produced by

CaCh treatmcnt facility complics with

Prlmary drinking-Water Standards and
mcets total coliform and turbidity

requirements o自css than 2.2 MPN/

100 mL and 2 NTU, reSPeCti、′ely・

Amlysis of sampIcs t諒cn nt thrCC

WRPs froin Octobcr 1988 through

Scptcmbcr 1989 providcs cxampIcs of

rcclaimcd watcr quality (Tablcs l a11d

2). The WRPs tcstcd for somc∴COn-

§titucnts in sampIcs takcn daily and

〇両rs in s踊Ples鴫k即bi書1-く)-1帥〉′ t{)

PrOVidc tl鴫sc yearly nvcrages.

In 1987〕 COnCCPtual authorization

WaS glVCn tO increase the amount of

rcclaimcd watcr used to repIcnish the

Montcbcllo Forcbay by approximatCly

50% ovcr 3 years to allow incrcmcntal

CValuation) COntingcnt on data gcner-

atcd by an expandcd monitonng pro-

gram. The othcr general requlrementS
limitcd thc total quantity of rcclaimcd

WatCr §PrCad in any ycar to 50% ofthc

total inflow to thc basin. Thcsc rcqulrC置

mcnts, bascd on an annual runnlng

a¥′CragC, Stipulatcd that thc

rcclaimcd watcr, muSt meCt

all Califomia drinking二Wa-

ter standards and action

lcvcl§置COnCCntrations of

COntaminants in drinking

WatCr at Which adverse

hcalth c鉦tts.would not be

anticipatcd to occur. Ap-

ProVal was also condngent
upon dcmonstrating that

血crc was no. mcasurablc

incrcasc in organic con-

taminants in血c ground-

WatCr Caustd by thc surface

SPrCading ofrcclaimed wa-

tcr. Since thc initial autho-

hzadon,血rcc inc重cmen亡a置

increascs totaling 2 l.3 x 106

鵬ソa (17,300 ac重/yr)

havc bccn approvcd, in-

CreaSlng thc quandty ofrc-

Claimcd water uscd for

groundwatcr rcchargc to 62

X 106 mソa (50,000 ac孟/
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yr), Or aPPrOXimatcly 30% of血c total

inflow to血e Montcbc皿o Forcbay. This

Icvel of rcusc rcprcscnts a significant

C徽m in water conscrvation corrc_

§POnding to thc rcplaccmcnt ofpotablc

WatCr that WOuld otl博rwi§C bc uscd by

about 50,000 houscholds.

Ådditional rcscarch since∴the

COmPIcdon ofthc Health E触ts Study

COnductcd by LACSD indudcd an

CValuadon ofthc c鉦icncy ofLACSD’s

餌-SCalc carbon餌crs for removlng
●

mutagcnlClty aS dctcrmined by thc

鋤鋤one脇nriciosomc assay.4 Rcsults

from this work indicatc血at avcrage

mutagcmclty remOVals of80% could bc

achicvcd bascd on a 10-nrinutc) CmPty-

bcd cbntact dmc, and血at血c c鉦cts of

Chlorine disinf女hon on mutagcnic ac-

dvity vary sign龍antly. Thcsc latcr rc-

S山ts suggest that chlorinc can oxidizc

and血us dcactivatc somc typcs ofmu-

tagcns, but also can react with availablc

Organic matter to creatc morc muta_

gcn§ i皿a親VCn SamPIc・

Ongolng rCSCarCh has foouscd on thc

dcvcIopmcnt of a groundwatcr traccr

Suitablc for charactcnzlng thc mOVC-

mcnt ofredaimcd wa〔cr il- grOul-dwa-

tcr basins. Thc study has thus far

CValuatcd a scries ofalkyl pyridone suト

fonate (APS) compounds and sevcral

fluorocarbon compounds in血e labo-

ratOry tO mCaSure血c dcgrce ofadsorp-

don of血csc compounds on soils a11d

48　駆寄le「蹄o胴e璃丁e軸ogY

thcir abilfty to withstand photodecom-

POSition and biodegradation undcr
acrobic and anacrobic conditions.

Vblatility studics and bioIogical assays

haVC bccn c。事ldllCtCd to dctcrmiIIC thc

PO軸tia] o用庇traccr comPO皿ds to

Clicit acutc toxicfty or mutagenICl亡y.

Thc laboratory phasc ofstudy haS bccn

COmPIctcd and thc sccond phasc of

Study will consist of invcsdgations to

Verify血e laboratory results under ac書

tual fidd conditions.

Addidonal rescarch has been pro-

POSed to providc comparative? SuPPIc-
mcntal data for血e Health E塙鵜tS

Study’s丘nding§・ Plans call for simHar

toxicoIogical and chcmical procedures

to bc used to characterizc any changes

in rcclaimcd watcr or groundwatcr

qし面ity that might havc occurrcd §illCC

thC §tudy}s s踊PIcs wcrc origimlIy co上

Icctcd for cvaluation. Addi〔iol-ally, thc

PrOPOSCd work would attcmp亡to usc

CurrCnt tCChniques to lcam morc about

thc∴Charactcrisdcs of compounds in

mutagchic frac亡ions’thcrcby providing

a bcttcr ul-dcrstandil-g Of thC OrlgmS

a11d hc証h §ign龍allCC Ofthcsc com-

POul-ds and thC altcmadvcs availablc
for thcir rc重nOVal.

Water Factory 21 direct injection

Prqject・ A proJeCt invoIving ground-

Water reChargc by the injcction ofre-

Clai叩Cd watcr is opcratcd by thc Ora重一gC

Coulrty Watcr Distric、t (OCWD). ThC

OCWD first bcgan phot studies in 1965
to dctcrminc血c feasibility of using

C餌uent from an advanccd wastcwater

trcatmcnt (ÅWT) facility in a hydraulic

barrier to prcvcnt血c cncroachmcnt of

Saltwatcr into aquifers carrylng POtable

WatCr §uPPlics. ConstrucdcJn of an

AWT facility known a§ Water Factory

2l was sta競Cd in. 1972 in Fountain

ValIcy, and injccdon opcradons began

血1976.

Watcr Factory 21 has a dcsign capac-
ity ofO.7 m3/s (15 mgd) and can trcat

血e sccondalγ C蝕uent,s acdvatcd sludge

from thc adjacent Orange Gounty

Sanitation District’s (OCSD) Scwage

Trca調Cnt Plant by血e fonoⅥng unit

opcra寄o雌:血n合c血脆cadonあでrcmov瓦

Of§uSPendcd solid§, hcavy mctals, and

dissolved minerals; alr stripping (not

CurrCntly in §ervice) for rcn?OVai of

ammonia and voladle organlC OOm-

POunds; Carbonation for pH control,
mixcd-media filtradon for rcmoval of

SuSPCndcd solids) ad§Oやtion with acti-

VatCd carbon for removal of dissolved

Organics; rCVCrSC OSmOSis (RO) for

demineralization; and chlorination for

bioIogical control and di§infecdon.

Bccausc ofa requircd 500-mg/L櫨mi-

亡a寄on of亡ot記雌ssolved so櫨d§ bcゐre

mJeCdon, RO is used to demincralizc

up to O.2 m3/s (5 mgd) of血c waste-

WatCr uSed for injecdon.

The fecd water to血c RO plant is

C餌uent from血e mixcd-mCdia,創tcrs.

E餌uent from carbon columns is disin_

f震tcd肌d blclldcd with RO.tr鋤tcd

WatCr. Activatcd carbon is rcgc朋r亀tcd

On Site. Solids from血e §Ct址ng basins

arc incincratcd in a muldpIc-hcarth fur-

nacc from which limc i§ rCCOVCrCd and

rcuscd in thc chcmical clarificr. Brinc

from thc RO plant is pumped to

OCSD,s患c櫨誼csあr occ狐蛍sposa上・

Rcdaimcd watcr produced at Water
Factory 21 is injcctcd in〔O a SCric§ Of23

multi-CaSlng WClls providing 81 indi-

Vidu社中e⊂心on pom亡s血亡oゐ耽aq虹

fers to form a scawater竜trusion barrier

known as血c Talbcrt Iqjccdon Barricr.

Thc lnJCC亡ion wclls arc Iocatcd ap-

PrOXimatdy 5'6 km (3.5 milcs〉 inland

from the Pacifro Occan. Thcrc arc scvcn

CXtraCfron wclls not currcntly bcing

uscdl∝atCd bctwccn thc injccdon wclls

弧d coas亡・ Beゐre叫e⊂don,血叩rod-

uct watcr i§ blcndcd 2: l wi血dccp-WCll

WatCr from an aquifer not subjcct to

COntami書latiol一・ Dcpcnding on basin

COllditjons, the injcctcd water flows

toward thc ocean formlng a seaWater

barrier) flows inland to augmcnt血c

POtablc groundwatcr supply’Or both.

The AWT proccsses at Water Factolγ

2 1 rchably producc high-quahity watcr.

No co闘erm organismS WCrC dctectcd

in any of thC 179 samp]cs ofWatcr



Factory2l c捌ucnttcstcd during 1988.

AIthough thc discharge pcrmit rcquires

OCWD to institutc a virus monitonng

PrOgram血at is acceptablc to DOHS,

virus sampling is not being conductcd

at prcscnt. A virus monitoring program

conductcd from 1975 to 1982 dcmon_

§trated to thc satisfaction of thc statc

and county hcalth agcncics血at Watcr

FactQry 21 produccs c組ucnt血at is

CSSen宜袖y缶cc of血eas町abまe lcvds of

viruscs. Thc avcragc turbidity of餌er

C蝕ucnt was Oふ22 FTU and did not

CXCCed l.O FTU during 1988. Thc

avcragc COD and TOC conccntra-

dons for thc ycarwcrc 8 mg/L and 2.6
mg/L, rCSPCCdvcly. Th6 cffectivencss

Of Watcr Factory 2l?s treatment pro-
CCSSeS for血e rcmoval ofinorganic and

Organic constitucnts is shown in thc

PrC§Cnt WatCr-quality data for the

blcndcd injcction watcr (Tables 3 and

4)・ Fi吋一心rec spc⊂i鉦Ⅴ01a心lc org紬ic

COmPOund§ WCrC nOt dctcctcd il- iIljcc-

don water sampIcs, Which werc blendcd

in a 2:l ratio wi血dccp-WCll watcr

beforc analysis.

Thc OCWD has developed a plan for

groundwater managcment in respon§e

to potcntial watcr §hortagcs and local

WatCr-quality problems. The plan

documcnts several potcndal proJ eCtS tO

rcuse wastewatcr by groundwatcr re-

Charge. Included is血c possible expan-

§ion of Watcr Factory 21 to providc

injccdon witcr for scawater-intrusion

barricrs at Sunsct and BoIsa Gaps in

Orange County, and for injecdng re-

Claimcd watcr direcdy into血e ground-

Water basin in ccntral Orangc County.

Ano血cr projcct under considcration is

血e constmcdon of an ÅW丁患c揖申,

§imilar to Watcr Factory 2 l ,血at would

PrOvidc rcdaimed water for a seawatcr-
intrusion barricr at AIa血tos Gap. Based

On Current groW血proJCCdons, WaSte一

Water trcatmCnt CaPaCity in血c servicc

area ofOCSD will bc excccdcd by血c

ycar 2000. A possible proJeCt involvcs
con§truCdon of a wa§teWatCr rCdama-

don plant in血c Anaheim area, Where

as much a§ l.l m3/s (25 mgd) ofrc-

claimed water co山d be u§Cd for various

typcs of rcuse言ndudin喜groundwater

rcchargc. by dircct lnJeCt10n.
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Groundwatcr rcchargc with re-

Claimcd watcr rcprescnts a large poten-

dal usc ofrcdaimed watcr in Calfomia;

yet血ere are few planncd recharge

. projc⊂ts in血c §亡a亡C, Pa血y beca調sc of

cconomic consideradons and continu-

mg hcal血concems. This situation,

CQuPIcd with thc knowIcdgc that

皿Plamed or incidcntal rccharge wi血

WaStCWatCr is widespread and rclativcly
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uncontrolled, SuggCSted血at it was

essential to undcrtakc a comprchcn§ivc

rcview of cxIStlng regulations and

CStablish statewide policies and guide-

1incs for plannlng and implementing

new proJCCtS for groundwater rcchargc.

In a coordinated c鉦)rt tO addrcss thcse

nccds, DOHS, SWRCB, and DWRarc
dcvcIoping a documcnt dtled ``Guide-

1incs for Groundwatcr Recharge wi血

Rcdaimed Municipal Wastcwatcr.’’It

is antlCIPated that血e guidelincs will be

adopted by血e DOHS in 1991 (sce

Box).

Thc proposcd guidelincs indude

PrincipIcs, PCrmlttlng PrOCedures, and

Critcria for groundwatcr rechargc. Thc

Criteria for surfacc spreading and injec-

tion of rcdaimcd watcr wm address

trcatmcnt proccsscs, treatmCnt rChab遭-

ity, Water quality, mOnitomg, (址u-

don, timc underground, distance to

wi血drawal, and opcradonal pr∝Cdures ・

It iS antlCIPated that critcria for

groundwatcr rccharge will be §OmC-

what flexible and takc into considcr-

ation §itc-SPeCific condidons such as

PerCOladon rate and dep血to ground-

WatCr. The criteria are currcntly undcr

dcvelopmcnt by DOHS, With input

from othcr state and local regulatory

agencics, and opcradng agcncics. The

guidelincs will also include a back-

ground document to providc a dctailcd
ra轟onalc fbr血e c正c正a.　　　　　　0

カ殺傷的0雇短pγi押印のl e物i誓r
扇脇α印D搬r ♂M亡K誇撮み‡紺
α俄秒のタ昨月拐.;勧巌拐A勅nOあ融・

柳a錐γ筋あm融on呼f寂あ柳鰯如
αl狗農場ia S勧姥脇姥rR鋤桝γ附G飢脇∴つ

れIB料訪in S離郷桝en均Cわ雄, a綿dお

傷みo a綿僻みu擁タp碕or巌砺Dやめ汚・

m海野C寂I玉徴寂βeγiタ砂新海U癌・

ヴe癌砂華厳l狗肋i鋤廠Da壇C房l舞　∴
放物a継げ対を挽けあh幼dず海寂ガ郷-・

かial駒井鋤Sわ訪0押印融鉱毒幼房0殺

D勧柑陶A膨融の脇机脇i揚句
αl窮

鵬富農R棚〔膳

1. Asano, T., (ed.)僻A克脆cial Rc-

Chargc of Groundwater." Butterwor血

Pu鎚shcrs, Stoncham, Mas§. (1985).

2. Nく地or, M.H.声で俄L嶋Hc心血E阜

fects S請dy Final Rcport予County

Sanitation District§ Of Los Angcl銃

County, Whitticr, Calif ( 1984).
3. Crook, J” “Watcr Rcclamation.群

In E押第秒脇みず砂i鋤l鋤鍋錐肋諸

耽読符o履朔Iタタ0?揚油00烏. Ac急dcm王電

Press, Inc., San Diego, Calif (1990)書

4. Balrd, RB.,〆al., “GC - Negadve

Ion GIMS and Amcs Mutagcnieity As-
Says OfRcsin§ in Ådvanced Wastewatcr

Trcatmcnt Faci蛙tics." In Ad脇nc併読

勅やIi物偶"d A棚妨あげくわ卿徹宛励み

楊柳脇巧む糊協動工.H. Su鉦畠血d既.

Malaiyandi (Eds.), Vol. 2, ASC Åd- .

VanCeS in Chcmistry, Wishington, D. G∴

(1夕87)∴

姻蘭棚0　49


